Introduction
============

There is an increasing trend in the use of medicinal plants, botanicals or herbal preparations particularly in developing countries where these products are readily available. Several animal studies have revealed anti zygotic, blastocytotoxic, anti-implantation and abortifacient properties of water and organic solvent extracts of many commonly used medicinal plants, sometimes in dose dependent manner. In an investigation of antifertility property of a triterpenoid glycoside isolated from *Dalbergia* saxatilis in female rats, a decrease in maternal body weights and inhibition of conception were observed ([@B1]). Similar observations on antifertility, antiimplantation or pregnancy interceptory properties suggestive of anovulatory, antiprogesterogenic or estrogenic effects have been made on extracts of *Calotropis gigantea* ([@B2]) and *Morinda citrifolia* ([@B3]).

However, other animal studies showed none inhibitory effects of plant extracts on female reproductive functions. For example, *Carapa guianensis* seed oil administered orally during the period of organogenesis failed to impair implantation and induce the death of foetuses ([@B4]).

Sensitivity of experimental animals, dose of extract used, period and route of administration as well as physiological or pharmacological mechanisms are some of the factors affecting the implantation process.

*Hymenocardia acida* (Tul.) is a small browse tree or shrub with palatable foliage, widely distributed within the savanna region of Nigeria. It is called "Enache" by Idoma people of North Central Nigeria while the local or vernacular name among the Hausas in Nigeria is "Janyaro". All parts of the plant are useful as remedies for many ailments. The powdered roots or stem bark decoction are used to treat fever, jaundice, muscular pains, diarrhoea, dysentery and sexual incapacity in males. It is commonly used as an agent for female genital hygiene. Experimental studies have also confirmed some of the claimed efficacy of this medicinal plant by the native healers. For example, crude extracts of the plant have been reported to possess anti-tumor, anti-HIV and anti-inflammatory ([@B5]), anti-sickling ([@B6]), anti-ulcer ([@B7]) and anti-diarrhoeal ([@B8]) activities. The leaf infusion is also used in the treatment of urinary tract infections ([@B5]) and as topical applications for skin diseases in Nigeria. Among the Idoma and Igede people of North Central Nigeria, the decoction of root and stem bark is used in the treatment of diabetes ([@B9]). Also there have been reports of *in vitro* antitrypanosomal efficacy of leaf ([@B10]) and root bark ([@B11]) as well as antiplasmodial ([@B12]) activities of *Hymenocardia acida.* Despite the popular use and numerous therapeutic benefits of *Hymenocardia acida*, little is known about the effect of crude extract of *H. acida* on reproduction. The aim of the present study was to evaluate the effect of aqueous ethanolic extract of *H. acida* stem bark on fertility of female Wistar rats.

Materials and methods
=====================

**Plant material**

The stem bark of *Hymenocardia acida* was collected within the premises of University of Agriculture, Makurdi and authenticated by Mr. Patrick Ekwuno of College of Forestry, University of Agriculture, Makurdi, Nigeria Voucher specimen was deposited at the College herbarium.

**Preparation of crude extract**

The stem bark was washed, air dried at room temperature for one week, pulverized and stored in air-tight container until required. As previously described ([@B13]), one hundred gram of powdered material was soaked in 500 ml of 70% ethanol and stirred intermittently for 48 hours at room temperature. The material was filtered using sterile cotton wool and Whatman (No. 1) filter paper; the residue was resuspended in the same amount of solvent and then filtered three more times. The pooled filtrates obtained were dried at room temperature under the electric fan. The extracts were stored in air-tight containers at 4^o^C until needed.

**Animals**

Twenty white albino rats of weighing 150 g to 190 g were obtained from the College of Health Sciences, Benue State University, Makurdi, Nigeria. The animals were kept in polypropylene cages under room temperature, with 12-hour light and 12-hour dark cycle and were allowed to acclimatize for two weeks. The animals were provided commercial feed (Grand Cereals and Oil Mills Ltd, Bukuru, Jos, Nigeria) and clean water *ad libitum*. Protocols for this experiment was in accordance with the guidelines on the care and well being of research animals ([@B14]) and was approved by the Departmental Ethics Committee.

The rats were paired overnight with sexually active males in the ratio of 2:1. Successful mating was confirmed by the presence of vaginal plug and or sperm cells in the vaginal smear the following morning between 9.00 and 10.00 hours. The day sperm cells were found in the vaginal smear was considered as day 1 of pregnancy. Thereafter, the female rats were randomly divided into four groups of five rats each thus: Group 1 received by gavage distilled water (1ml/ 100g) daily for 19 days and served as control. Groups II--IV rats were given the aqueous ethanolic extract of *Hymenocardia acida*by gavage at doses of 100, 200 and 400 mg/kg body weight daily for 19 days respectively. The rats were weighed daily and observed for any untoward effects.

On day 20 of gestation, each rat was laparatomised under high ether anaesthesia. The uterine horns were exteriorized and incised at the greater curvature of the horns. The latter were examined for sites of implantation and resorption. Number of corpora lutea of pregnancy, number of live foetuses as well as weights of the foetuses and placentae were also determined. The postcoitum fertility index was evaluated using the following parameters according to the methods of Tafessel *et al* ([@B16]) and Uchendu *et al* ([@B1]).

1.  Percentage of pregnant female animals in each group (PPF)

2.  Mean live foetal number per pregnant female (LFN)

3.  Mean day 20 foetal crown-rump length (FCRL)

4.  Mean corpus luteum number per pregnant female (CLN)

The fertility index (FI) of each group was calculated as

${FI} = \frac{{LFN} \times {FCRL} \times {PPF}}{CLN}$

The anti-implantation and antifertility activities of the extract were calculated as follows ([@B16]):

Anti-implantation activity= number of implants in control minus number of implants in test group divided by number of implants in control group multiplied by 100. Antifertility activity= number of rats showing no implantation divided by total number of animals multiplied by 100.

**Statistical analysis**

Statistical evaluation of data was done using one--way analysis of variance (ANOVA). Means found to be significantly different at p\<0.05 were separated using Duncan multiple range test. The results were expressed as mean± S.E.M. using Graph Pad Prism Version 3.0 for Windows (Graph Pad Software, San Diego, California).
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Results
=======

The linear increases in maternal weights and weights gained ([Table I](#T1){ref-type="table"}) were higher in the control compared with the treatment groups. Oral administration of the extract from days 1 to 19 of gestation showed decrease (p\< 0.05) in the number of corpora lutea of pregnancy and number of live foetuses ([Table II](#T2){ref-type="table"}).

Weights of foetuses of extract treated female rats were also smaller (p\<0.05) compared with the control. However, no gross morphological abnormalities were observed. All the females in the control group became pregnant and on laparatomy, were all found to have live foetuses. The extract did not cause any abortion or vaginal bleeding. The pregnant animals did not show signs of toxicity. All rats survived till the termination day. There were no foetal resorptions.

Significant differences (p\<0.05) in the mean foetal number per pregnant female (LFN), foetal crown-rump length (FCRL) and mean corpus luteum number per pregnant female (CLN) were observed in all the treated groups relative to the control ([Table II](#T2){ref-type="table"}). Antiimplantation activity of the treatment groups were 41.4%, 48.3% and 51.7% for groups II to IV respectively, whereas antifertility activity of the groups was found to be 40%, 60% and 60% in the same order ([Table III](#T3){ref-type="table"}).

###### 

Effect of *Hymenocardiaacida* stem bark extract on maternal and foetal weights. Values are expressed as means± S.E.M.; N= 5.

  **Parameters**         **Control**            **100 mg/kg**         **200 mg/kg**          **400 mg/kg**         
  ---------------------- ---------------------- --------------------- ---------------------- --------------------- ---------------------
  Maternal weights (g)                                                                                             
                                 Day 1          151\. 40 ± 1. 40      152\. 40 ± 1. 96       152\. 40 ± 1. 40      152\. 00 ± 1. 99
                                 Day 7          162\. 33 ± 2. 61^a^   159\. 33 ± 3. 48^b^    152\. 50 ± 3. 38^b^   152\. 67 ± 3. 72^b^
                                 Day 14         180\. 50 ± 2. 59^a^   164\. 00 ± 3. 56^ab^   156\. 33 ± 2. 61^b^   157\. 75 ± 2. 66^b^
                                 Day 19         198\. 75 ± 3. 68^a^   182\. 00 ± 3. 00^ab^   166\. 00 ± 2. 35^b^   165\. 67 ± 2. 34^b^
  Maternal weights (g)                                                                                             
                                 Day 0 -- 5     12\. 60 ± 1. 80^a^    3\. 00 ± 1.41^b^       3\. 00 ± 1.18^b^      4\. 33 ± 1.44^ab^
                                 Day 6 -- 14    10\. 80 ± 3. 92^a^    8\. 40 ± 3. 80^ab^     8\. 25 ± 3. 30^ab^    7\. 20 ± 2. 06^b^
                                 Day 15 -- 19   18\. 80 ± 1. 71^a^    17\. 67 ± 2. 29^a^     12\. 20 ± 1. 12^ab^   7\. 00 ± 1. 89^b^
                                 Day 0 -- 19    45\. 00 ± 2. 86^a^    37\. 33 ± 3. 41^ab^    22\. 25 ± 3. 31^b^    17\. 50 ± 2. 51^b^
  Foetal weight (g)      2\. 69 ± 0. 21^a^      1\. 82 ± 0. 40^ab^    1\. 56 ± 0. 20^b^      1\. 65 ± 0. 40^b^     
  Placental weight (g)   0\. 47 ± 0. 02^a^      0\. 27 ± 0. 01^ab^    0\. 14 ± 0. 02^b^      0\. 17 ± 0. 01^b^     

Means with different superscripts in a row are significantly different (p=0.05). "N" represents number of animals used in each group.

###### 

Effect of *Hymenocardia acida* stem bark extract on foetal score. Values are expressed as means ± S.E.M; "N" = 5.

  **Groups**   **No. of live foetuses(LFN)**   **No. of dead foetuses**   **REN**          **FCRL (cm)**        **CLN**              **PPL (%)**   **F.I.**
  ------------ ------------------------------- -------------------------- ---------------- -------------------- -------------------- ------------- ----------
  Control      7\. 00 ± 0. 58^a^               0\. 00 ± 0. 00             0.00 ± 0. 00     3\. 56 ± 0. 21^a^    8\. 40 ± 1. 03^a^    100^a^        990\. 81
  100 mg/kg    5\. 67 ± 0.33^b^                0\. 00 ± 0. 00             0.00 ± 0. 00     3\. 50 ± 0. 31^ab^   5\. 80 ± 1. 02^ab^   60^b^         486\. 82
  200 mg/kg    4\. 50 ± 0. 50^b^               0\. 00 ± 0. 00             0\. 00± 0. 00    2\. 90 ± 0. 20^b^    5\. 40 ±1. 34^ab^    40^c^         174\. 00
  400 mg/kg    3\. 50 ± 0.50^b^                0\. 00 ± 0. 00             0\. 00 ± 0. 00   2\. 75 ± 0. 45^b^    4\. 80 ± 1. 39^b^    40^c^         147\. 64

Means with different superscripts in a row are significantly different (p= 0.05). "N" represents number of animals used in each group.

PPL- Percentage of Pregnant Females per Group; FCRl -- Foetal Crown -- Rump Length.

F.I. -- Fertility; CLN -- Corpus Luteum Number. LFN- Live foetal Number; REN -- Resorbed Embryo Number.

###### 

Antifertility and antiimplantation activities of Hymenocardia acida stem bark extract

  --------------------------------------------------------------------------------------------------------------------------------------------------
  **Groups**   **No. pregnant/**\   **No. of dead**\   **No. of rats showing**\   **Total No. of**\   **Anti-implantation**\   **Anti-fertility**\
               **No. tested**       **rats**           **implantations**          **implantations**   **activity (%)**         **activity (%)**
  ------------ -------------------- ------------------ -------------------------- ------------------- ------------------------ ---------------------
  Control      5/5                  0                  5                          29                  Nil                      Nil

  100 mg/kg    5/3                  0                  3                          17                  41\. 4                   40\. 0

  200 mg/kg    5/2                  0                  2                          9                   48\. 3                   60\. 0

  400 mg/kg    5/2                  0                  2                          7                   51\. 7                   60\. 0
  --------------------------------------------------------------------------------------------------------------------------------------------------

Discussion
==========

Administration of *H. acida* extract at the test doses from days 1 to 19 of pregnancy resulted in strong antiimplantation and antifertility activities ([Table III](#T3){ref-type="table"}). At necropsy, no evidence of embryo resorption was found in the non pregnant rats. Several reports indicate antifertility activity of crude extracts ([@B17], [@B18]) and active compounds in animal models ([@B19]). Although there were neither deaths nor clinically observable, treatment-related inhibitory effects of *H. acida* on the pregnant rats, changes in maternal body weights ([Table I](#T1){ref-type="table"}) provide a good index of the integrity of maternal homeostasis ([@B20]). In the present study, significant decreases (p\< 0.05) in maternal body weights were observed when aqueous ethanolic extract of *H. acida* stem bark was given to the rats.

The low body weight gain in pregnant rats given the extract might suggest nil or few number of implantations. It is well established that the implantation index correlates with the number of corpora lutea and indicates blastocyst implantation in the endometrium ([@B21]) as well as normal reproductive capacity ([@B22]). *Hymenocardia acida* extract significantly reduced the number of implantations at the test doses ([Table III](#T3){ref-type="table"}). The mechanism of antiimplantation activity of *Monecha ciliatum* has been explained by its strong uterotonic property ([@B23]). Similarly, *Musanga cecropioides*, a common Nigerian medicinal plant used for its oxytocic effect has been reported to increase uterine contraction in a dose - dependent manner ([@B24]).

In a pilot study, the aqueous ethanolic extract of *Hymenocardia acida* elicited contractile effect on the isolated uterine muscle tissue (unpublished observation). However, the mechanism of antiimplantation activity of the extract requires further investigation.

The rat endometrium is sensitive to blastocyst signals in the morning of day 5 ([@B25]), but can experience failure of blastocyst implantation due to hostile and incompetent uterine environment ([@B26]), antizygotic or blastocytotoxic property ([@B27]) and expulsion of embryo ([@B28]). Previous reports on antifertility effects of medicinal plants which showed resorptions of embryos and abortions ([@B29]) are not in agreement with the present study where we observed neither resorption sites nor gross malformations of the foetuses. *Hymenocardia acida* perhaps did not act as an abortifacient since there was no vaginal bleeding. However, there were reductions in foetal and placental weights of the treatment groups.

The endometrial environment might not be conducive for implantation ([@B30]) as revealed by the smaller litter size. In addition to the endometrial microenvironment, hyper motility of the myometrium can also prevent implantation, especially in view of the effect of the extract on the isolated tissue (data not shown).

The reduction in foetal crown- rump length (FCRL) which is a parameter for foetal growth agrees with previous findings of impaired placental formation or placental insufficiency ([@B31]) and foetal development ([@B32]). A reduction in weights of foetuses of pregnant rats as observed in the present study had also been reported when *Acanthus montanus* leaves extract was administered to pregnant rats during gestation ([@B33]). However, other investigators showed that most pure compounds of *A*. *indica* were of relatively low reproductive toxicity compared with the crude seed oil ([@B34]). Similarly, aqueous extract of *Garcinia kola* administered to pregnant rats did not affect the number and weights of foetuses as well as implantation sites ([@B35]).

Previous reports indicate the presence of flavonoids ([@B36]), alkaloids ([@B37]) and terpenoids ([@B1]) in medicinal plants with contraceptive or pregnancy interceptory effects. In the present study, phytochemical screening of aqueous ethanolic extract of *H. acida* stem bark revealed the presence of alkaloids, tannins, flavonoids and terpenoids.

Fertility of rats in groups treated with the extract was significantly different (p\<0.05) from the control as reflected by the reduced pregnancy and fertility index ([Table II](#T2){ref-type="table"}). A similar observation on reduced fertility was made when pregnant rats were treated with *Dalbergia saxatilis* ([@B1]).

The results suggest that aqueous ethanolic extract of *Hymenocardia acida* stem bark could induce inhibitory effects on reproductive functions in female albino rats.
